ABSTRACT. Encephalitozoon spores were isolated in a primary tissue culture of the kidneys from an encephalitozoonosis-suspected rabbit in a municipal zoo in Hokkaido. The isolated spores were morphologically characteristic of microsporidial ones in chromotrope stain, and proven to be E. cuniculi by a polymerase chain reaction (PCR) with a species-specific primer set and by direct DNA sequencing of the PCR products.
Encephalitozoon cuniculi is an obligate intracellular protozoan that belongs to the phylum Microspora, commonly known as microsporidia, and is the most extensively studied of all microsporidia [1] . Organisms were found in laboratory, domestic and wild rabbits, laboratory mice, laboratory and wild rats, laboratory Guinea pigs, laboratory hamsters, laboratory ground shrews, goats, sheep, swine, domestic dogs, wild and captive foxes, domestic cats, primates such as squirrel monkeys and Rhesus monkeys, and man [2] . Although E. cuniculi infections are known to occur in various animals as well as humans, the parasite is mainly known as etiology of encephalitis and nephritis in rabbits suffering with paralytic disease [11] . Recently, one of the authors found some rabbits with neurological impairment in a colony at a municipal zoo in Hokkaido [5] . The diseased rabbits were histopathologically confirmed to suffer from encephalitozoonosis. Next, we tried to isolate the causative agent in a tissue culture making use of other suspected rabbits in the same colony and succeeded in growing microsporidian organisms from the kidneys in vitro. This report deals with the isolation of a microsporidian parasite from a rabbit in Hokkaido using primary tissue culture techniques and records that the parasite was E. cuniculi on the basis of PCR analysis and the nucleotide sequences.
A rabbit (Oryctolagus cuniculus) in the colony was suspected of being in the early stage of encephalitozoonosis because of having neurological impairment such as slight head tilt and partial paralysis and of indicating a positive reaction in the western blot test for Encephalitozoon antibodies, of which the procedure has been reported before [6] . Macroscopically only the kidneys were found to have undergone pathological changes such as white spots and small scars and were used for primary tissue culture according to the method described before [6] . Briefly, the organ was aseptically minced with scissors and was treated with 0.25% trypsin (GibcoBRL, Grand Island, NY) at room temperature for 30 min. Subsequently, the trypsinized digests were filtered through a stainless steel mesh (No. 200) to remove cellular debris and were washed twice in Eagle's minimum essential medium (MEM; GibcoBRL) by centrifugation at 500 g for 5 min. The sediment was suspended in an appropriate volume of MEM supplemented with penicillin (500 i.u./ml), streptomycin (500 µg/ml), 2 mM Lglutamine, 1 mM Na-pyruvate, and 10% fetal calf serum (GibcoBRL), which was used as the cell growth medium, and was inoculated into plastic Petri dishes. Cell culture was carried out according to a standardized procedure established for the preparation and continuation of primary cultures in a 5% CO 2 incubator at 37°C. Then the growing cells were observed under a microscope. Cell dispersion was performed at the appropriate time using 0.25% trypsin. After several passages, culture supernatants were centrifuged and their smears were examined by staining with chromotrope stain [13] . DNA samples were also prepared from the culture supernatants and were applied to the PCR test using a species-specific primer set [10] , which was originally designed by De Groote et al. [3] . The primer sequences were 5'-ATGAGAAGTGATGTGTGTGCG-3' (forward) on positions 344-364 and 5'-TGCCATGCACTCACAG-GCATC-3' (reverse) on positions 872-892. These nucleotide positions are indicated by E. cuniculi small subunit ribosomal RNA (ssrRNA) sequence (Pieniazek et al., GenBank, accession no. L17072). As a positive control in the PCR tests, a DNA specimen was prepared from a human isolate of E. cuniculi which was genetically identified before [10] . We finally tried to determine the order of nucleotides in the E. cuniculi-specific primer-amplified PCR products and compared the determined sequences with those of E. cuniculi which have been registered in GenBank. The nucleotide sequences of both strands of the DNA fragments were determined with a BigDye cycle-sequencing kit (Perkin-Elmer Co.) using an ABI-PRISM 377 DNA sequencer (Perkin-Elmer Co.). In this paper, the rabbit microsporidian isolate is provisionally designated "isolate 2008FF" and the human E. cuniculi isolate is named "isolate 9504HF".
Parasitized cells became visible at the fourth passage under a microscope, which appeared in a proliferating fibroblast-like cell sheet (Fig. 1A) . It took 26 days after primary inoculation to generate the parasitized cells. Afterwards, culture supernatants always contained microorganisms stained pinkish-red with chromotrope (Fig. 1B) . Often, a clear polar vacuole and central diagonal pink stripe were visible within the microorganisms, which is typical of microsporidian spores [4, 13] . As shown in Fig. 2A , when DNA samples from pellets of the culture supernatants were tested in PCR, they generated a clear, strong band (lane 2) at the 549-bp position, which was identical to the position of a PCR product (a band in lane 1) amplified by DNA extracted from spores of the isolate 9504HF. The determined sequences of the resultant PCR products from the 2008FF spores and the 9504 HF spores contained a 507-bp region in the ssrRNA sequence of E. cuniculi (Fig. 2B) . The 507-bp region accurately corresponded to positions 365 to 871, when the sequence data of L19070 or X98467 in GenBank were employed for understanding the ssrRNA sequence in this paper. Also, 100% homology regarding the sequence of the 507-bp region was observed between the isolate 2008FF and E. cuniculi whose nucleotide sequences have been registered in GenBank. Therefore, we conclude that the microsporidian is E. cuniculi. Interestingly, when the PCR product from the 9504HF DNA was sequenced, it was found that base-conversion occurred at position 717: A to T. In Japan, Tazaki [12] , Iino [7] and Koike et al. [8] isolated Encephalitozoon from sparrows, wild rats and laboratory mice, respectively, by inoculating their brain and liver homogenate into laboratory animals which are susceptible to the parasite. Identification of the isolated organisms was based on morphologic findings. Matsubayashi et al. [9] found Encephalitozoon-like organisms in the cerebrospinal fluid and urine of a child who had cerebral symptoms. They injected the cerebrospinal fluid, blood and urine of the patient into laboratory mice and found the same organisms in the peritoneal fluid of the animals. Although the recovered parasite morphologically resembled E. cuniculi, experiments were not performed for further identification. Recently, Furuya et al. [6] isolated Encephalitozoon-like organisms from a liver lesion of a patient with alveolar hydatid disease using primary tissue culture techniques and they identified the isolate as E. cuniculi with PCR and DNA sequencing [10] . The same techniques have successfully been used for the isolation and identification of the present E. cuniculi of rabbit origin. Thus, it is very likely that E. cuniculi can easily be isolated from parasitized organs in primary tissue culture. However, one must realize that this method has a shortcoming, i.e. the host cell life generally does not continue indefinitely. Accordingly, experiments on inoculating the 2008FF spores into some established cell lines such as RK-13 cells (rabbit kidney cells) and MDCK cells (canine kidney cells) are now under way in our laboratory. As a preliminary result, RK-13 cells were found to allow the growth of 2008FF spores, although the growth rate was still low at 3rd passage after inoculating.
Also, compared with morphological analysis in light or electron microscopy, molecular diagnostic approaches have made it very easy to determine the genus and species of microsporidia [14] . In fact, GenBank internet service is readily available for species identification. Up to this time, the ssrRNA (16S) sequence as well as the internal transcribed spacer (ITS) region and adjoining large-subunit rRNA genes of many E. cuniculi isolates have been determined. Searching through the GenBank data, we found that the 507-bp sequence in the 16S rRNA gene of the isolate 2008FF completely coincided with those of other E. cuniculi isolates, meaning that species identification had a 100% concordance in this case. On the other hand, the isolate 9504HF was found to have conversion of A to T at position 717 in the same 507-bp region, as noted before [10] . This may be explained from the fact that the host of 2008FF organisms differed from that of 9504HF organisms: the isolate 2008FF came from a rabbit and the isolate 9504HF originated from a human. Recent molecular analysis has demonstrated some variations in the number of GTTT repeats in the ITS region of various E. cuniculi isolates and the relationship to host species [14] . However, this point is not the subject in our present paper. Encephalitozoon infections are considered to spread among rabbits bred as pet or laboratory animals in Japan [15] . One of our next interests in research is to investigate many isolates of E. cuniculi of both animal origin and human origin from a viewpoint of molecular epidemiology. For this aim, we have been making effort to collect various isolates of E. cuniculi or to analyze various materials which were suspected as E. cuniculi infection.
